Introduction
In mammalian fertilization, spermatozoa must undergo the acrosome reaction (AR) to penetrate the zona pellucida (ZP) and fuse with the oolemma (Yanagimachi, 1981; Sathanathan et al, 1982; Wassarman, 1987a, b) . Spermatozoa bound to or fused with the oolemma are therefore acrosomereacted. It is known that the relationship of the AR and sperm-ZP binding varies between species. In guinea-pigs, only acrosome-reacted spermatozoa bind to the ZP (Yanagimachi, 1981) . In mice, only acrosome-intact spermatozoa bind to the ZP and the AR is induced later, probably by the interaction between sperm binding sites and one of the glycoproteins in the zona (ZP3) (Wassarman, 1987a, b) . Once mouse spermatozoa are acrosome-reacted, for example by exposure to the calcium ionophore A23187, they cannot bind to the ZP (Wassarman, 1987b) . The situation in man is unclear because acrosome-intact and acrosome-reacted spermatozoa have been observed on the ZP (Overstreet & Hembree, 1976) . Although it is known that incubation of human sperma¬ tozoa in vitro to achieve capacitation will increase ZP binding (Singer et al, 1985) , the relationship between the AR and sperm-ZP binding has not been studied in detail.
The present study was performed to determine whether, during fertilization in humans, the AR occurs before or after spermatozoa bind to the ZP. We used oocytes that failed to fertilize in a clinical in-vitro fertilization programme and A23187 to induce the AR. A23187-treated and control spermatozoa were labelled with different fluorochromes to control for variability of oocytes in their ability to bind spermatozoa (Liu et al, 1988a) . Even though the A23187 is moderately effective in inducing the human AR, it decreases sperm motility. Therefore, we used equal concentrations progressively motile test and control spermatozoa in the incubation medium and checked for the possibility that immotile spermatozoa could bind to the oocytes (Aitken et al, 1983) . If Morphological characteristics of these oocytes before insemination for in-vitro fertiliza¬ tion showed 40% good, 54% fair, and 6% poor using the criteria described previously (Nayudu et al, 1987) .
Fluorochrome labelling ofspermatozoa. Spermatozoa from 10 normal fertile donors were used for the experiments. The spermatozoa were labelled with fluorescein or rhodamine as described previously (Liu et al, 1988a) . Labelling of spermatozoa with these two fluorochromes has no effect on sperm binding to the human ZP or fertilization in mice (Liu et al, 1988a) . Briefly, 1 mg fluorescein isothiocyanate (FITC: Sigma Chemical Co., St Louis, MO, USA) or 0-5 mg tetramethylrhodamine isothiocyanate (TRITC: Sigma) was dissolved in 01 ml of 01 m-KOH and diluted within 15 sec to 5 ml with sterile Dulbecco phosphate-buffered saline (Commonwealth Serum Laboratory, Melbourne, Victoria, Australia) containing 55-5 mM-glucose and stored at 4°C in a plastic tube wrapped in aluminium foil for up to 1 week. Sperm pellets were prepared by centrifuging 0-4 ml semen at 600 g for 5 min to remove seminal plasma, and these were labelled by suspending them in 0-3 ml of the fluorochrome solution. The suspension was incubated at 37°C for 15 min and the spermatozoa were recovered by centrifugation at 600 g for 5 min. The sperm pellet was washed with 10 ml Tyrode's solution (Commonwealth Serum Laboratories) with 0-2% bovine serum albumin (BSA) and after further centrifugation (600 g, 10 min) diluted to a concentration of 20 106/ml motile spermatozoa with human tubai fluid (HTF) medium (Quinn et al, 1985) containing 10% human serum inactivated by heating at 56°C for 30 min and sterilized by filtration using an Acrodisc filter (0-2 µ : Gelman Sciences Inc., Ann Arbor, MI, USA).
Induction of the acrosome reaction. The fluorochrome-labelled spermatozoa were diluted to a concentration of 2 106 motile spermatozoa/ml. Spermatozoa labelled with one of the two fluorochromes were incubated with the A23187 (Sigma) for 1 h at 37°C in 5% C02 in air. A 5 mM stock solution of A23187 in dimethyl sulphoxide (DMSO) was diluted 10 times with serum-free HTF medium before a small volume was added to the sperm suspension to achieve the required final concentration of A23187. Similar dilution was made for the DMSO control solution. Spermatozoa from the same donor but labelled with the other fluorochrome were used as controls and incubated with the same medium containing equivalent concentrations of DMSO. After incubation for 1 h, the sperm suspensions were centrifuged, a sperm pellet obtained and the spermatozoa resuspended in HTF medium with 10% serum. Sperm motility was determined by phase-contrast microscopy.
Because A23187 reduces sperm motility the number of immotile spermatozoa in the test suspension was greater than that in the control suspension and increased with the concentration of A23187. The possibilities that the immotile spermatozoa present in the suspension could bind to the ZP or oolemma or influence the number of motile spermatozoa bound were investigated. Immotile spermatozoa were obtained by incubating TRITC-labelled sperma¬ tozoa (2 106/ml) in medium containing 2-5% serum and 50µ -23187 for 1 h. After incubation, the suspension was checked to confirm that all spermatozoa were immotile and the immotile spermatozoa were centrifuged and resuspended in HTF with 10% serum. To determine whether immotile spermatozoa could bind to the ZP or oolemma, a mixture of equal numbers of TRITC-labelled immotile spermatozoa treated with 50µ -23187 and FITC-labelled control spermatozoa (105 motile and 0-35 to 0-45 IO5 immotile) was used.
Attempts to obtain high proportions of motile spermatozoa by the standard swim-up procedure after exposing the spermatozoa to A23187 were unsuccessful because of low yields. However, higher proportions of spermatozoa with progressive motility were obtained for test and control suspensions by a modified procedure: spermatozoa were labelled with FITC or TRITC and allowed to swim up into HTF medium containing A23187 or DMSO alone. HTF (1-5 ml) containing 10% serum and 10 µ -23187 or DMSO alone was carefully layered on the top of the FITC-and TRITC-labelled sperm suspensions respectively. After incubation for 1 h at 37°C, 10 ml of the top layer of the suspension was aspirated, a sperm pellet was obtained by centrifugation (600 #, 5 min), and the pellet was resuspended in HTF with 10% serum. The final sperm motility was usually 15-20% lower in the A23187-exposed suspension than by treatment with 50µ -23187. This mixture of spermatozoa therefore contained equal numbers of motile and immotile test and control spermatozoa.
To demonstrate that the AR had occurred in motile spermatozoa after A23187 treatment, 5 ml suspensions of 2 I06/ml FITC-or TRITC-labelled motile spermatozoa were treated separately with 10µ -23187 (test) or with DMSO (control) as described above. After incubation for 1 h, the sperm suspensions were centrifuged, the super¬ natant removed and the sperm pellet resuspended in 0-2-0-3 ml HTF medium containing 20% serum and 5% BSA (pH 7-6). The concentrated sperm suspension was added to the bottom of a test tube (15 75 mm) in which the inside wall of the tube had been wetted with the medium, then 1-5 ml HTF medium containing 5% serum was carefully layered on top of the sperm suspension. After incubation for 1 h, 1-1-2 ml of the top layer of the medium containing motile spermatozoa was aspirated. The motile sperm suspensions were centrifuged (600g, 7 min), the supernatant removed and the sperm pellet resuspended in the fresh HTF containing 10% serum. This modified swim-up procedure using a discontinuous protein gradient between the sperm suspension and top layer of medium resulted in final progressive sperm motility percentages of >90% in both test and control samples. While the mean percentage motility was not different between test and control samples, the total number of motile spermatozoa harvested was lower for the A23187-exposed spermatozoa. Equal numbers (105) of motile test and control spermatozoa were mixed in 1 ml HTF containing 10% serum and incubated with 4 or 5 ZP.
Dose-response studies were performed with spermatozoa from 4 donors and A23187 concentrations between 1 -25 and 20 µ . Oocytes were incubated with equal concentrations of motile A23187-treated and control spermatozoa but the concentrations of immotile spermatozoa were not adjusted as this did not affect sperm-ZP binding.
Acrosome assessment. Acrosome status was assessed on duplicate samples from A23187 and control incubations but the spermatozoa were not labelled with the fluorochromes. Fluorescein isothiocyanate-conjugated Pisum sativum agglutinin (FITC-PSA: Sigma) was used for detecting acrosome-intact or -reacted spermatozoa as described previously (Cross et al, 1986; Liu & Baker, 1988) . The proportion of spermatozoa with A23187-induced acrosome loss was calculated from the difference between the proportions without acrosomes in the control and A23187-treated samples (% induced AR = % acrosome-reacted spermatozoa incubated with A23187-% acrosome-reacted spermatozoa incubated without A23187).
Sperm-oolemma binding test. (Liu et al, 1988a Influence of immotile spermatozoa on the number of spermatozoa bound to the ZP and oolemma
As shown in Table 1 , when the numbers of motile and immotile spermatozoa were equalized for test (10 PM-A23187) and control (DMSO) treatments, and then incubated with the ZP-intact and the ZP-free oocytes, the number of test spermatozoa bound to the ZP was less than half that for control spermatozoa (mean ZP-binding ratio = 0-42), but the number of test spermatozoa bound to the oolemma was double that of the control spermatozoa (mean oolemma-binding ratio = 2-2). Progressive motility averaged 55% for the test and 70% for the control sperm and the percentage induced AR (test-control) averaged 25%. Acrosome reaction and ZP-binding capacity in A23187 treated motile spermatozoa Table 2 shows the percentage of induced AR and ZP-binding of the progressively motile spermatozoa selected by a modified swim-up procedure after exposing the spermatozoa to 10 µ -A23187. The AR averaged 25% higher in the test than in the control spermatozoa. The mean ratio of test to control spermatozoa bound to the ZP was 0-43 for 3 experiments. There were similar percentages of motile test and control spermatozoa. The result is similar the experiment reported in Table 1 in which there were higher proportions of immotile spermatozoa. 
Discussion
The present study shows that exposing spermatozoa to the calcium ionophore A23187 increased the number of acrosome-reacted spermatozoa and decreased the number of spermatozoa bound to the ZP. There was a significant inverse relationship between the number of spermatozoa bound to the ZP and the percentage of spermatozoa with induced AR. In addition, the number of sperma¬ tozoa bound to the oolemma increased. While A23187 is moderately effective in stimulating the AR in human spermatozoa it can cause a marked drop in sperm motility and so it was important in these experiments to incubate the oocytes with equal concentrations of progressively motile test and control spermatozoa. The decrease in the number of spermatozoa bound to the ZP was not likely to be due to the effect of the A23187 on motility since the number of progressively motile test and control spermatozoa was carefully equalized.
In the present study, we did not use a supravital stain or other method to assess sperm viability at the same time as the acrosome status was determined, because it is not possible to differentiate live motile and immotile spermatozoa. However, we isolated the motile spermatozoa by a modified swim-up procedure after exposing spermatozoa to A23187 and >90% spermatozoa were progress¬ ively motile. The AR in A23187-treated spermatozoa was about 25% higher than for the control spermatozoa. Cross et al (1986) (Wassarman, 1987a, b) .
There is evidence that the human ZP plays a significant role in the induction of the AR (Cross et al, 1988; Aitken, 1989) . The AR induced by A23187 is obviously different from the AR induced by the ZP in that the latter occurs on the zona and not in spermatozoa swimming free in medium. Cross et al (1988) studied the time course of the AR of spermatozoa bound to the ZP and showed that the proportion of acrosome-reacted spermatozoa increased from 3% at 1 min to 46% during the next 60 min. Accordingly, even though we do not know whether the initiation of the AR for the 3% spermatozoa occurred before or after binding to the ZP, it is obvious that the majority (97%) of the spermatozoa bound to the ZP at an early stage were acrosome intact. Although solubilized human ZP material would be a more physiological inducer of the AR (Cross et al, 1988) , the large number of human oocytes required for such experiments is difficult to obtain.
Exposure of spermatozoa to A23187 resulted in increased numbers of spermatozoa bound to the oolemma of ZP-free oocytes as expected. It is known that only acrosome-reacted spermatozoa are capable of binding to and fusing with zona-free hamster eggs (Koehler et al, 1982) . Also, there is a positive correlation between the proportion of acrosome-reacted human spermatozoa and zona-free hamster egg penetration (Van Kooij et al, 1986; Yang et al, 1988) . However, whether all spermatozoa bound to the oolemma are acrosome-reacted under the present experimental con¬ ditions is unknown. Furthermore, the sperm-oolemma binding ratio was more significantly related to the dose of A23187 than to the proportion of spermatozoa with an induced AR in the multiple regression analysis. It is therefore possible that the higher numbers of spermatozoa binding to the oolemma after treatment with A23187 may be augmented by mechanisms other than the higher proportion of motile acrosome-reacted spermatozoa in the medium. The ionophore may increase non-specific membrane adhesion and the interaction between the sperm and oocyte membrane after A23187 treatment may be unphysiological. Furthermore, with low concentrations of A23187 ( < 5 µ ) sperm-oolemma binding was increased without much effect on sperm motility. Also, numbers of acrosome-reacted spermatozoa were only slightly increased below this concentration. Despite the uncertainties about the mechanisms involved, this finding may be relevant to some new techniques that are being developed to assist fertilization in vitro for treatment of male infertility, including microinjection of human spermatozoa into the perivitelline space, zona drilling and zona opening (Gordon et al, 1988; Mann, 1988; Maker & Cohen, 1989; Odawara & Lopata, 1989) . Because these techniques allow spermatozoa access to the oolemma without their binding to or penetration of the ZP it will probably be necessary to stimulate the AR to increase the chances of spermatozoa fusing with the oolemma. Unfortunately, A23187 is unsuitable for use in human in-vitro fertilization.
On the other hand increased proportions of acrosome-intact normal motile spermatozoa in insemination suspensions would be expected to improve success in standard in-vitro fertilization procedures. Liu et al (1989) showed that the proportion of spermatozoa with a normal intact Downloaded from Bioscientifica.com at 01/03/2019 03:40:04AM via free access acrosome was significantly correlated with the number of spermatozoa bound to the ZP of oocytes unfertilized in in-vitro fertilization. We also found that the proportion of spermatozoa in the insemination medium with normal intact acrosomes was correlated with fertilization rates in vitro when sperm morphology was poor (Liu & Baker, 1988) . It is possible that spontaneous loss of acrosomes may be more frequent when spermatozoa have abnormal morphology and these spermatozoa may then be unable to bind to the ZP.
In summary, induction of the AR with the calcium ionophore A23187 decreased the number of spermatozoa bound to the ZP, suggesting that acrosome-reacted spermatozoa do not bind to the human ZP. Therefore, induction of the AR following binding to the ZP may be more important for the spermatozoon which ultimately fertilizes the human oocyte.
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